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Abstract
The goal of this IQP was to improve the quality of the undergraduate Electricity and Magnetism labs at 
WPI. This paper describes our process for assessing the  labs.  We describe the surveys we used to 
determine which parts of the lab are in most need for improvement the responses to those surveys, our 
methods for analyzing the responses, and the conclusions we drew from that analysis. Based on the 
survey responses, we then go on to recommend three key areas for improvement: Proof reading all the 
lab documents for errors, making the expectations of the labs clearer to students at the start of term, and 
increasing the time given to students to complete the lab report.
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1. Overview
The WPI Department of Physics is looking to improve the quality of the introductory labs. The goals 
of  this  project  were  to  determine  what  aspects  of  the  labs  needed  improvement,  and  to  give  an 
approximate rank by importance and scale of the needed improvements. For this project we focused on 
the labs for the Electricity and Magnetism courses – PH 1120 and PH 1121.  In D-term of  2011, 198 
students took PH 1120 and 33 took PH 1121. In B-term of 2011, 376 took PH 1120 and 195 took PH 
1121. 
2. Methodology
We examined the instructions for each of the laboratory projects performed by students in PH 1120 
and  PH  1121  of  the  Spring  2011  term[1]. We  then  drafted  a  survey  using  Survey  Monkey[2] and 
distributed it via email to these students. Identical surveys were sent to students of both PH 1120 and 
PH 1121, but the responses were collected separately to determine differences of opinion between the 
two populations. The  surveys consisted of several  numerical (1 to 10) questions and two free form 
questions.  Responses  to  numerical  questions  were  organized  into  histograms  and  averages  were 
calculated  to  better  analyze  the  results.  Responses  to  the  free  form  questions  were  reviewed  for 
common themes and binned by these themes to more easily see how many students agreed on certain 
issues.  Since the responses would not use the same words to express essentially the same point, bins 
were  created  by  generalizing  key  points  brought  up  in  responses,  e.g.  “Instructions  were  poorly 
worded.” If a response brought up a point that did not fit a previous generalization, a new bin would be 
created with a count of one. Further responses bringing up the same generalized point, would add one 
to the count in that bin. If a response brought up multiple different generalized points, the count for 
each corresponding bin would be increased by one. Responses unrelated to the question were ignored 
for the binning process. Finally the bins were sorted by number of responses (count) mentioning them.
The first survey (conducted in Fall 2011, of students who had taken PH 1120 and PH 1121 in Spring 
2011) consisted of the following questions:
Please rate the following components – How difficult was:
• Following the lab instructions?
• Running the equipment/software?
• Completing the final lab report?
Rate your agreement with the following statements, and how important each factor is to you:
• The labs helped me to understand the course material
• The labs were enjoyable.
• I found the labs to have value in my education.
What was the best part of these labs?
What was the worst part of these labs?
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After obtaining the results of these surveys, we drafted revised, lab-specific surveys to distribute to 
the then current students in the Fall 2011 term. For these surveys, we again used rating scale questions, 
but cut the scale down to 1 to 5, and had only one free form question.  Additionally, we made some 
modifications to the instructions for the Magnetic Field lab and the Linear vs. Nonlinear Circuits lab. 
The modified instructions for the Magnetic Field were distributed to the students in PH 1120, while the 
students in PH 1121 received the unmodified instructions. Conversely,  the modified instructions for 
Linear vs. Nonlinear Circuits were distributed to the students in PH 1121, while the students in PH 
1120 received the unmodified instructions.  Again, responses to the surveys were collected separately 
for the students of PH 1120 and PH 1121.
The lab-specific survey consisted of the following questions:
Please rate the following in terms of difficulty.
• Understanding the lab instructions
• Collecting the data
• Completing the lab report
Rate your agreement with the following statements:
• I found this lab to be enjoyable
• This lab helped me understand the course material
• This lab has benefit to my education
Were there any points in performing the lab where you were stuck, or unsure how to proceed? If so 
which step(s) were unclear.
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3. Results
3.1 Overview
In total, we constructed eight surveys, which varied greatly in numbers of responses,  as shown in 
Table 1, below. The first two surveys were sent to Students who had already completed the course in D-
term (Spring) of 2011, the previous academic year. These surveys asked for a general opinion of all the 
labs. The next six surveys were intended to measure the difference in quality between the labs. These 
surveys also featured revised questions to obtain more useful data. sent to students enrolled in PH 1120 
and PH 1121 at the time of the study, and were sent to students after they completed the associated labs.
Table 1 – Number of responses to surveys
Survey Name Complete 
Responses
Total 
Responses
PH 1120 D-Term Students 38 74
PH 1121 D-Term Students 22 44
PH 1120 Linear Vs Nonlinear Circuits 35 87
PH 1121 Linear Vs Nonlinear Circuits 21 41
PH 1120 Magnetic Field 7 24
PH 1121 Magnetic Field 0 4
PH 1120 Magnetic Induction 0 0
PH 1121 Magnetic Induction 1 2
3
3.2 Free Form Responses
The following tables list summaries of points made in responses to each of the free-form questions, 
with the number of responses making each point.
Table 2 - Responses to “What was the best part of these labs?”
Summary of point Number of 
Responses 
1120
Number of 
Responses
1121
Relating lab work to class work 7 0
“Hands on” 5 1
Observing phenomena learned in lecture 4 3
Easy 3 3
Applying physics 4 1
Building circuits 3 0
Working with a partner 2 1
Short 1 1
Instructors were helpful 1 1
Instructions were easy to follow 1 1
Getting the experiment to work 1 0
Data Collecting 1 0
Write-ups 1 0
Undirected experiments 0 1
Labs were comprehensive 0 1
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Table 3 - Responses to “What was the worst part of these labs?”
Summary of point Number of 
Responses
1120
Number of 
Responses
1121
Instructions were confusing 11 3
Doing Write-ups 5 4
Not enough time for write-ups 2 6
Instructors were not helpful 4 3
Unlearned material 4 3
Labs were unhelpful 3 3
Labs were too simple 3 2
Tedious/not enough time 4 0
Not related to class discussion 3 1
Figuring out circuits 3 0
Lab tools did not work 1 2
Harsh grading 0 3
Too difficult 2 0
Labs were disorganized 0 2
 
Table 4 - Linear vs. Nonlinear Circuits Lab response to “Were there any points in performing the lab  
where you were stuck, or unsure how to proceed? If so which step(s) were unclear.”
Summary of point Number of 
Responses
1120
Number of 
Responses
1121
Wording 12 7
Wording, specifically part 2 6 0
Confusing 5 0
Time consuming 5 0
Knowing what data to collect 4 1
Completing write-up 2 2
Unlearned material 1 3
Suggestion: provide pictures/video 3 0
Tools not working 1 1
Building circuit 0 2
Suggestion: Reformat write-up pages 1 0
Too easy, not thought provoking 0 1
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Table 5 - Magnetic Field Lab response to “Were there any points in performing the lab where you  
were stuck, or unsure how to proceed? If so which step(s) were unclear.”
Summary of point Number of 
Responses
1120
Number of 
Responses
1121
Knowing what data to collect 1 0
Grading 1 0
Building circuit 1 0
Table 6 - Magnetic Induction Lab response to “Were there any points in performing the lab where  
you were stuck, or unsure how to proceed? If so which step(s) were unclear.”
Summary of point Number of 
Responses
1120
Number of 
Responses
1121
Unlearned material 0 1
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3.3 Rating-scale Responses
3.3.1 D term survey.
The following charts show the number of responses collected for the numerical response questions 
to our initial survey of previous students of PH 1120 (left column) an PH 1121 (right column).
     PH 1120 PH 1121
Please rate the following in terms of difficulty (1 = too easy; 10 = too hard):
1. Following the lab instructions?
2. Running the equipment/software?
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3. Completing the final lab report?
Rate your agreement with the following statements, and how important each factor is to you: 
1 (completely disagree) – 10 (completely agree) ; 1 (Not important) – 10 (Very important)
4. The labs helped me to understand the course material.
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5. The labs were enjoyable.
6. I found the labs to have benefit to my education.
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3.3.2 B-Term Lab-Specific Surveys
The following charts show the number of responses collected for the numerical response questions 
to our lab-specific surveys. Data from both PH 1120 surveys receiving responses are graphed on the 
same chart, and data from all PH 1121 surveys are graphed on another chart to show correlation and 
contrast between the individual labs.
     PH 1120 PH 1121
Please Rate the following in terms of difficulty (1 = Easy 5 = Hard)
1. Understanding lab instructions
2. Collecting the data
10
1 2 3 4 5
0
2
4
6
8
10
12
14
16
18
Linear Vs. 
Non Linear 
Circuits
Magnetic 
Field
Magnetic 
Induction
1 2 3 4 5
0
5
10
15
20
25
Linear Vs. 
Non Linear 
Circuits
Magnetic 
Field
Magnetic 
Induction
1 2 3 4 5
0
5
10
15
20
25
30
35
40
45
50
Linear Vs. 
Non Linear 
Circuits
Magnetic 
Field
1 2 3 4 5
0
10
20
30
40
50
60
Linear Vs. 
Non Linear 
Circuits
Magnetic 
Field
     PH 1120 PH 1121
3. Completing the lab report
Rate your agreement with the following statements: (1 = disagree 5 = agree)
4. I found this lab to be enjoyable
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5. This lab helped me understand the course material
6. This lab has benefit to my education
7.
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4. Discussion
Although the numerical data is much easier than free-form response data to perform basic statistical 
analysis on, the high standard deviation and relatively small difference between the average value for 
each question makes it difficult to draw useful conclusions. On the other hand, binned responses to the 
free-form questions  reveal  common elements  that  many  students  found important. Due  to  limited 
responses on some of the surveys, data collected from the PH 1121 Magnetic Field and Magnetic 
Induction surveys is not statistically significant. We received no responses to the PH 1120 Magnetic 
Induction survey. 
Data from the numerical questions in the remaining five surveys shows that, by a small margin, the 
most difficult part of completing labs was understanding the lab instructions. The free form responses 
also support this as a large problem, particularly in the Linear and Nonlinear Circuits lab.[Tables 3, 4]
Many D-Term students noted that there was not enough time to complete the lab reports due the 
midnight after performing the labs. [Table 3] The responses seemed to indicate not that the lab reports 
took many hours to do, but that having any time to work on the report within a half day time span was 
not a guarantee with other  commitments. Allowing students at least a full day to finish lab reports 
should mostly solve this issue.
Another issue brought up in free responses is that the labs required using material that had not yet 
been covered in lecture.  However one of the stated intentions of the course curriculum is that the 
students will learn partially through labs, and not solely through lecture. The problem may be that this 
intention is not adequately communicated to students, causing the students to not know what to expect 
out of the labs, resulting in a less educational lab experience.
4.1 Recommendations
• Proof read all labs documents for grammatical errors, ambiguous statements, etc.
• Make clear to students (through course syllabus, initial lab section of the term) that they should 
be learning material through the labs and are not expected to have seen everything previously in 
class.
• Allow a full day to complete lab reports after performing lab.
4.2 My Thoughts on the Project
Over the course of this project I learned a lot about how to make successful surveys. The first survey 
did not generate as useful results as we might have been able to obtain mostly because we did not ask 
the right questions. The first open response question: “What was the best part of these labs?” did not 
provide any useful information towards our goal of finding ways to improve the labs, though it tells us 
some ways not to go about improving the labs. The second open response question “what was the worst 
part of these labs?”  provided more useful information. However, as a free-form response, it required a 
significant amount of time to sort through all the responses, and the open-ended nature of the question 
resulted in a large variance of responses, making this task more difficult. The numerical responses had 
too fine a range of choices for the number of responses we were receiving, causing the distribution to 
become scattered. After seeing these problems, I was able to draft a much more useful survey for the 
new students.
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5. Appendix - Raw Survey Data
5.1 1120 D-Term
14
Rate the following in terms of difficulty (1 = too easy 10 = too hard)
1 2 3 4 5 6 7 8 9 10
1. Following the lab instructions?
0 2 2 6 15 12 18 15 2 2
2. Running the equipment/software?
0 1 3 6 33 17 5 5 3 1
3. Completing the final lab report?
2 3 2 10 23 15 11 4 1 3
4. The labs helped me to understand the course material
1 2 3 4 5 6 7 8 9 10
Agree/Disagree 2 2 11 5 9 4 14 8 2 7
Importance 3 1 9 5 6 3 8 10 7 10
5. The labs were enjoyable.
1 2 3 4 5 6 7 8 9 10
Agree/Disagree 5 8 3 6 12 5 10 6 2 7
Importance 5 1 4 6 9 10 11 5 6 5
6. I found the labs to have value in my education.
1 2 3 4 5 6 7 8 9 10
Agree/Disagree 6 3 6 4 9 8 12 5 4 7
Importance 3 3 2 5 9 3 12 4 5 15
5.2 1121 D-Term
5.3 1120 Linear vs Nonlinear Circuits
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Rate the following in terms of difficulty (1 = too easy 10 = too hard)
1 2 3 4 5 6 7 8 9 10
1. Following the lab instructions?
1 1 4 1 12 9 5 5 2 3
2. Running the equipment/software?
1 2 1 5 19 12 3 0 0 0
3. Completing the final lab report?
0 1 1 3 10 8 12 2 4 2
4. The labs helped me to understand the course material
1 2 3 4 5 6 7 8 9 10
Agree/Disagree 7 2 2 3 5 2 5 8 1 0
Importance 3 1 1 1 6 2 6 5 4 4
5. The labs were enjoyable.
1 2 3 4 5 6 7 8 9 10
Agree/Disagree 6 4 1 3 4 4 5 5 3 0
Importance 1 1 0 5 5 3 4 3 4 6
6. I found the labs to have value in my education.
1 2 3 4 5 6 7 8 9 10
Agree/Disagree 7 3 3 4 2 3 4 5 2 2
Importance 3 1 1 0 8 2 4 6 3 5
Please Rate the following in terms of difficulty (1 = easy 5 = hard)
Difficulty 1 2 3 4 5
Understanding Lab Instructions 1 6 16 45 19
Collecting the data 1 6 48 26 5
Completing the lab report 1 5 28 36 16
Rate your agreement with the following statements: (1 = disagree 5 = agree)
1 2 3 4 5
I found this lab to be enjoyable 15 43 17 11 1
This lab helped me understand the course material 17 28 22 17 1
This lab has benefit to my education 16 25 26 17 1
5.4 1121 Linear vs Nonlinear Circuits
5.5 1120 The Magnetic Field
5.6 1121 The Magnetic Field
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Please Rate the following in terms of difficulty (1 = easy 5 = hard)
Difficulty 1 2 3 4 5
Understanding Lab Instructions 1 2 14 17 7
Collecting the data 1 9 23 8 0
Completing the lab report 2 4 18 13 4
Rate your agreement with the following statements: (1 = disagree 5 = agree)
1 2 3 4 5
I found this lab to be enjoyable 4 17 12 8 0
This lab helped me understand the course material 7 8 14 11 1
This lab has benefit to my education 5 10 16 10 0
Please Rate the following in terms of difficulty (1 = easy 5 = hard)
Difficulty 1 2 3 4 5
Understanding Lab Instructions 0 3 9 12 0
Collecting the data 0 5 16 3 0
Completing the lab report 0 0 16 7 1
Rate your agreement with the following statements: (1 = disagree 5 = agree)
1 2 3 4 5
I found this lab to be enjoyable 1 5 7 7 4
This lab helped me understand the course material 1 4 7 10 2
This lab has benefit to my education 1 2 10 9 2
Please Rate the following in terms of difficulty (1 = easy 5 = hard)
Difficulty 1 2 3 4 5
Understanding Lab Instructions 0 0 2 2 0
Collecting the data 0 0 4 0 0
Completing the lab report 1 0 1 1 1
Rate your agreement with the following statements: (1 = disagree 5 = agree)
1 2 3 4 5
I found this lab to be enjoyable 0 0 1 3 0
This lab helped me understand the course material 0 1 3 0 0
This lab has benefit to my education 0 1 2 1 0
5.7 1121 Magnetic Induction
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Please Rate the following in terms of difficulty (1 = easy 5 = hard)
Difficulty 1 2 3 4 5
Understanding Lab Instructions 0 0 1 1 0
Collecting the data 0 0 2 0 0
Completing the lab report 0 0 0 2 0
Rate your agreement with the following statements: (1 = disagree 5 = agree)
1 2 3 4 5
I found this lab to be enjoyable 0 1 1 0 0
This lab helped me understand the course material 0 2 0 0 0
This lab has benefit to my education 0 0 2 0 0
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